Abstract The present work evaluates the performance of the yeast Saccharomyces Cerevisiae to remove heavy metals from aqueous solutions. The effect of pH, temperature, initial concentration, contact time, and biosorbent dosage on biosorption capacity is studied. Experiment results show that metal uptake is a rapid process at pH values (5.0-6.0), and the order of accumulated metal ions is
Introduction
In recent years, extensive attention has been paid on management of environmental pollution casual by hazardous materials such as heavy metals. Documentation of heavy metals in the water around industrial plants has been a challenge for long time. Heavy metal pollution has become one of the most serious problems, and the presence of these metals even in traces is toxic and detrimental to both flora and fauna [1] . A number of methods have been developed for the removal of heavy metals from liquid wastes such as precipitation, evaporation, ion exchange, membrane processes, etc.; however, these methods have several disadvantages such as unpredictable metal ion removal, high regent requirement, generation of toxic sludge, etc. Biosorption is a process, which represents a biotechnology innovation as well as a cost-effective tool for removing heavy metals from aqueous solutions. In biosorption, either live or dead microorganisms or their derivatives are used, which complex metal ions through the functioning of ligands or functional groups located on the outer surface of the cell [2] . Microorganisms including bacteria, algae, fungi, and yeasts are found to be capable of efficiently accumulating heavy metals [3] [4] [5] . Saccharomyces cerevisiae was the first eukaryote to have its complete genome sequenced and this will undoubtedly lead to a new application [6] . Saccharomyces cerevisiae is easy to cultivate at large scale. The yeast can be easily grown using unsophisticated fermentation techniques and inexpensive growth media [7] . The biomass of S. cerevisiae can be obtained from various food and beverage industries. S. cerevisiae as a by-product is easier to get from fermentation industry, in comparison with other types of waste microbial biomass. Microorganisms used in enzymatic industry and pharmaceutical industry are usually involved in the secret of their products, which makes industries reluctant to supply the waste biomass. The supply of S. cerevisiae as waste residuals is basically stable. S. cerevisiae is generally regarded as safe. Therefore, biosorbents made from S. cerevisiae can be easily accepted by the public when applied practically, S. cerevisiae is an ideal model organism to identify the mechanism of biosorption in metal ion removal, especially to investigate the interactions of metal-microbe at molecular level. In fact, S. cerevisiae, as a model system in biology, has been explored fully in molecular biology [8] . Knowledge accumulated on the molecular biology of the yeast is very helpful to identify the molecular mechanism of biosorption in metal ion removal [9] . At the same time, S. cerevisiae can be easily manipulated genetically and morphologically, which is helpful to genetically modify the yeast more appropriate for various purposes of metal removal. The present work aims to study the removal of heavy metals from aqueous solution using low-cost, highly efficient regenerated biosorption technique. The potential of S. cerevisiae as a biosorbent material for the removal these metals was studied, effect of different treated methods on metal uptake of heavy ions at different pH values was studied also.
Experimental work
The chemicals used during the course of this work were all of analytical grade whenever available and were obtained from Sigma, Fisher, DIFCO or Mallinckrodt. Cleaning of glassware used in the experiments was done as follows: first, it was washed with detergent solution, rinsed with tap water, rinsed with 10 % nitric acid, rinsed with tap water, and finally rinsed with distilled water to prevent metal binding to glasses. The cleaned glassware was dried prior to use in experiments. All metal solutions were prepared using metal acetate, metal sulphate, and metal chloride salts, and bi DDW water.
Pretreatment method
Raw yeast in batches of 5 g (dry weight) was pretreated; the yeast was slowly stirred in the chemical solution for a suitable period of time as shown in Table 1 . The yeast was washed with generous amounts of de ionized water and then dried in an oven at 60°C for 6 h. The feasibility of yeast cell was measured by taking 0.1 mL of high concentration yeast solution which diluted with ringar solution in a ratio of 1:10, then 0.1 mL from this solution was taken and mixed with 0.9 mL of methylen blue solution, then the colored yeasts were dead, and the others were raw [10] .
Batch experiments
Once the yeast is introduced in a metal solution, biosorption of metal ion on yeast will take place. The heavy metal ion in solution will decrease until a certain value (equilibrium value) is reached. The time needed for the process is the equilibrium time. The effect of pH on the equilibrium time for biosorption of Pb, Cd, Cr, Cu, Co, and Zn ions was studied using pH values of 2.0, 3.0, 4.0, 5.5, 6.0, and 8.0. These values were measured before and after tests, and no significant change in pH values was observed. After preparation of a metal solution with an initial concentration of approximately 10 mg/L with a pH that was adjusted using 0.1 M NaOH and/or 0.1 N HNO 3 , 0.1 N H 2 S0 4 , 0.1 N CH 3 COOH, and 0.1 N HCl, solution, a certain amount (0.05-0.1 g) of raw yeast without handling was added. In the meantime, a control without yeast was set up, while pH in the reaction mixture was not controlled. Samples were tested at 5, 15, 30, 50, 80, 120, 150, and 180 min and analyzed for residual metal ion concentration using Atomic Absorption (Scientific Atomic Absorptin Spectrophotometer Accu sys 211 Buck). These experiments were repeated and the mean values were used. Kinetic studies were performed for different initial metal ion concentrations (10, 20, 40, 60, 80 , and 100 mg/L) by suspending 0.1 g of sorbent in 100 mL of metal ion solution and the pH was adjusted to the desired value. The mixture was continuously stirred at 200 rpm. Samples were 
Results and discussion
Effect of environmental parameters
Effect of pH
The pH of the solution is an important parameter for controlling the biosorption process. The effect of pH on the biosorption of Pb, Cd, Cr, Cu, Co, and Zn ions was examined. The metallic ions biosorbed by each gram of biomass (q mg adsorbed/g biosorbent) and the biosorption efficiency were calculated by the following formula:
where C i is the initial concentration and C f is the final concentration of metal ions in (mg/L), m is the mass of biosorbent (g), and V (mL) is the volume of reaction mixture. Figure 1 shows these behaviors. At low pH, protons would compete with metals for the active sites responsible for the biosorption which would decrease the metal sorption. However, at an initial pH of 4.0 or less, lower biosorption was observed. It should be noted that at pH 2.0 the metals' biosorption has not been observed. The low biosorption capacity at pH values below 4.0 was attributed to hydrogen ions that compete with metal ions on the sorption sites. In other words, at lower pH, due to protonation of the binding sites resulting from a high concentration of protons, negative charge intensity on the sites is reduced, resulting in the reduction or even inhibition of the binding of metal ions. Similar findings were reported by other researchers [11, 12] . The competition of the hydronium ions [H 3 O -] and metal ions for binding sites at low pH values makes ligands on the cell associate closely with the hydronium ions, but at high pH values, the hydronium ions are dissociated and the positively charged metal ions are associated with the free binding sites. Similar findings are reported by other researchers [13] [14] [15] . In fact, most microbial surfaces are negatively charged because of the ionization of functional groups, thus contributing to the metal binding [16, 17] . At low pH, some functional groups will be positively charged and may not interact with metal ions [18, 19] .
Effect of temperature
Temperature has an influence on the biosorption of metal ions, but to a limited extent under a certain range of temperature. The increase of temperature indicating a decrease of sorption capacity and the maximum equilibrium uptake occurred at 27°C as shown in Fig. 2 . It is important to mention that the biosorption process is usually not operated at high temperature because it will increase the operational cost [1] . Since adsorption reactions are normally exothermic, biosorption capacities increase with decrease in temperature. The decrease in biosorption capacity between 27 and 62°C may be due to the damage of active sites in the yeast. Many other researchers have also observed the same results [20, 21] . increase in time at constant temperature. The amount of metal ion sorbed per unit mass of sorbent increases sharply up to 5, and 30 min and increases thereafter, slowly reaching equilibrium. The short contact time of biosorbent with metal solution for biosorption suggests that adsorption onto the biosorbent surface is the main mechanism of uptake. Many other researchers also observed the same results [11, 22, 23] .
Effect of time

Effect initial concentrations of metal ions
These studies were carried out to determine the time required for biosorption of Pb, Cd, Cu, Co, and Zn on yeast to reach equilibrium. These experiments were conducted using 0.1 g yeast with 100 mL of metal solution at different initial concentrations. As seen in Fig. 5 , biosorption has been observed to increase as initial concentration increases; this may be attributed to the active binding sites available for available sorbate ions [24] . Figure 5 shows that biosorption is very fast for all metal ions in the first 5 min, while for the remaining time period, the metal concentrations in the liquid continued to diminish and reach an equilibrium concentration value. The faster first phase of metal biosorption may be attributed to the surface adsorption due to the action of ion exchange with the participation of some functional groups, while the second lower phase may represent diffusion of metal ions into the cell. Studies were carried out on 100 mL solution having concentration range 10-100 mg/L under best conditions of pH with yeast dosage of 0.1 g/L. At an initial concentration of 100 g/L with the same dosage (0.1 g/L), the residual concentration of lead approaches a level of 12.11 mg/L with an uptake of 86.14 mg/g while at lower concentrations of 8.99 mg/L the uptake decrease to level of 7.93 mg/g ( Fig. 6 ). In case of other metals, the same results are obtained. Similar findings were reported by other researchers [25] .
Effect of yeast concentrations
Sorption behavior of biosorbent at different dosages from 0.01 to 3 g/L have been studied in 10-100 mg/L of solution under optimized condition of pH and contact time for respective metal. The effect of different initial concentrations of yeast on biosorption of the metal ions of Pb, Cd, Cu, Co, and Zn are shown in Fig. 7 . All metal ions showed an increase in removal efficiency and decline in biosorption capacity on increasing of biomass from 0.01 to 0.1 g and this effect become less with further rise in biomass dose from 0.5 to 3 g. More metal ions are removed at higher doses because of the availability of more active sites. The results obtained are in agreement with the work of Sudhir et al. [24] , Chen and Wang [25] , and Hany et al. [26] .
Adsorption, thermodynamics, and kinetics studies
Biosorption studies
Biosorption equilibrium data give fundamental results to evaluate the applicability of biosorption processes as a unit operation, while the kinetic data provide the complete description of the transport mechanisms of adsorbate in adsorbent. Both the Langmuir and Freundlich models were used to describe adsorption isotherm. The Langmuir equation has the following form: 
where q e is the amount adsorbed at time t (mg/g), C e is the equilibrium concentration (mg/L), K L is a constant related to the energy or net enthalpy of adsorption (L/mg), and q m is the mass of adsorbed solute completely required to saturate a unit mass of adsorbent (mg/g). The Freundlich model is as follows:
where K F and n are Freundlich equilibrium constants indicative of adsorption capacity and adsorption intensity, respectively. Nonlinear least squares regression analysis based on Levenberg-Marquardt estimation method can be used for estimation of coefficients of Eqs. 3 and 4 using STATISTICA Software Program, Version 7. Table 2 collects these constants. The correlation coefficients were high with two models. A high correlation coefficient indicated the adsorption of metal ions obey Langmuir isotherm model, suggesting a homogeneous adsorption within the adsorbent and formation of monolayer [27] . The obtained data also follow Freundlich isotherm model. In fact, the Freundlich isotherm model has the same meaning as the Langmuir isotherm model, and it assumes a heterogeneous energetic distribution of the active binding sites on the biomass as well as interactions between the adsorbed molecules [28] . Two isotherm models also in part explain in part why metal adsorption of biomass varied with the conditions.
Thermodynamic studies
Thermodynamic parameters such as free energy change (DG 0 ), enthalpy change (DH 0 ), and entropy change (DS 0 ) can be estimated using equilibrium constants changing with temperature. The free energy change is given by the following equation [29] :
where K D is the distribution constant, T is absolute temperature, and R is gas constant. Free energy change (DG 0 ) varies with temperature according to
Equations 5 and 6 were used to evaluate the values of free energy change (DG 0 ) and K D . Furthermore, Fig. 8 shows a graphical representation of Eq. 7 as DG 0 against temperature. Table 3 collects the thermodynamic parameters for adsorption of heavy metals. The negative value for the Gibbs free energy for all six metals shows that the adsorption process is spontaneous, which is the usual case for many adsorption systems in solutions. The endothermic nature was also confirmed from the positive values of enthalpy change (DH 0 ). the DS values were positive (i.e., that entropy increases as a result of adsorption). This occurs as a result of redistribution of energy between the adsorbate and the adsorbent. Before adsorption occurs, the heavy metal ions near the surface of the adsorbent will be more ordered than in the subsequent adsorbed state and the ratio of free heavy metal ions to ions interacting with the adsorbent will be higher than in the adsorbed state. As a result, the distribution of rotational and translational energy among a small number of molecules will increase with increasing adsorption by producing a positive value of DS and randomness will increase at the solid-solution interface during the process of adsorption [30] .
Kinetics studies
The Lagergren first-order reaction rate model (pseudo-first order adsorption kinetics, Eq. 8) and Ho's second-order reaction rate model (pseudo-second order adsorption kinetics, Eq. 9) were used in describing the adsorption kinetics of heavy metals onto biomass [31, 32] .
where K l and K h are the equilibrium rate constant of pseudo-first and second order adsorption kinetics, q t the amount of adsorbate on adsorbent at time t (mg/g), and q e the equilibrium uptake (mg/g). Equation 8 can be drawn as log(q e -q t ) against t, while Eq. 9 drawn as t/q t against t. Slope and intercept of these equations give the kinetic parameters. These parameters are listed in Table 4 . Both models represent the adsorption data with high correlation coefficients. Correlation coefficients of Ho's model were higher than Lagergren model. This suggests that the adsorption of heavy metals follow the second-order kinetic model. Figure 9 shows the predicted biosorption capacity of lead compared with the computed ones by Lagergren and Ho's models. It can be noted there are three stages of the adsorption kinetics. The initial process of external mass transfer was fast and confined to the first few minutes and is termed as first stage of sorption. The second and third stages of sorption were found to be clearly separated by a plateau depending on the concentration or availability of metal ions in the solutions for sorption. On the other hand, the results obtained by Ho's model are nearest to experimental data. The change in the metal concentration with respect to time for the first stage of sorption may be related to the liquid-solid mass transfer coefficient [32] . All other five metals behave in similar way. At lower concentration, the error between experimental and modeled data is smaller than that of higher concentration. On comparing the pseudo-first order and the pseudo-second order adsorption rate constants at different initial metal concentrations, it is seen that the second-order model provides best correlation of the data. Fig. 8 Free adsorption energy against temperature, reaction volume = 100 mL, yeast weight = 0.1 g and pH = 5.5 Table 3 Thermodynamic parameters for adsorption of heavy metals 
where q e exp and q e cal are the experimental and calculated equilibrium uptake (mg/g), and n is number of values. Table 5 shows the standard deviation between two models and experimental data for the six metals. It can be noted that the results obtained by Ho's model are nearest to experimental data.
Elution of biosorbed metal ions
Various elutions were used to desorb the metal ions loaded on immobilized yeast. Table 6 shows the elution of biosorbed metals by various reagents. It is clear that HNO 3 proved to be a more effective elutant than CaCl 2 and distilled water. Bruno et al. [33] showed that more than 95 % of lead could be desorbed from nonliving Sargassam sp. with the use of mineral acids. The mineral acids are proton exchange agents. HNO 3 was able to effectively elute biosorbed metal ions from A. niger [13] .
Regeneration and reuse of immobilized yeast
Biosorption capability of yeast and its reuse will decide its potential as a biosorbent in application. After biosorption of a metal ion, immobilized yeast is desorbed using HNO 3 and then regenerated by washing with deionized water and NaOH solution. Immobilized yeast is used in batch experiments for 5 or 6 cycles of biosorption-elution-regeneration to investigate the potential of beads in retaining metal ions. The pH of 6-6.5 was adjusted to minimize the effect of remaining H ? . Table 7 shows the reuse of immobilized yeast in the biosorption of the six metals. Table 7 shows that the beads are still able to adsorb metal ions. The big variation in biosorption capacity values from cycle to cycle should be attributed to two factors, i.e. the uneven particle sizes of bead samples and the difference in final pH in the mixtures.
Biosorption of heavy metals on raw and pretreated yeast
The raw yeast in batches of 5 g (dry weight) was pretreated in seven ways listed in Table 1 . In each pretreatment, the yeast was treated as mentioned in Sect. 2.1. In type 9 the mixture were put in shaker for 2 h at 200 rpm and then washed by deionized distilled water and 2 % sodium bicarbonate. The viability of yeast cell was measured by taking 0.1 mL of high-concentration mixed yeast solution then diluted with ringar solution in a ratio of 1:10 then 0.1 mL from this solution was taken and mixed with 0.9 mL of methylen blue solution, then the colored yeasts were dead, and the others were raw [10] . Figure 10 shows the effect of pretreated yeast as compared with raw one for different metals. As shown in Fig. 10 , lead increases depending on pretreatment method in comparison with biosorption using raw yeast. Pretreatment using 0.1 N HCl increases biosorption capacity of lead from (6.00 to 11.63, 7.44 to 11.91, and from 7.49 to 12.44 mg/g) at pH 4, 5, and 6, respectively. Using 0.1 N HCl with autoclaving gives results as (6.00-2.97, 7.44-12.93, and 7.49-13.20 mg/g). The reduction of biosorption capacity in comparison with raw yeast may be attributed to the loss of intracellular uptake or loss of amino functional groups on the yeast surface through the non-enzymic browning reaction at low pH. Acid pretreatment of yeast significantly decreases biosorption of heavy metals. However, Huang and Huang [34] reported that acid pretreatment can strongly enhance the adsorption capacity of A. oryzae mycelia. Furthermore, they noted that raw biomass after acid pretreatment was directly used in biosorption of heavy metals instead of being autoclaved and dried. In this study, the H ? ions bound to the biomass after acid treatment may be responsible for the reduction in sorption of heavy metals. The polymeric structure of biomass surface exhibits a negative charge due to the ionization of organic groups and inorganic groups. The higher the electro negativity of the biomass, the greater the attraction and adsorption of heavy metal cations. Thus, the remaining H ? ions on the acidic pretreated yeast biomass may change the biomass electro negativity, resulting in reduction in biosorption capacity [35] . 0.1 N NaOH has been observed to reduce the biosorption capacity from 6.00 to 3.93 mg/g at pH4 and increase biosorption capacity from 7.44 to 11.26 and from 7.49 to 12.82 mg/g at pH 5 and 6, respectively. While using 0.1 N NaOH with autoclaving increases biosorption [36] . The same Figure shows that the pretreatment using H 2 O at pH 4, 5, and 6 gives 6.00-12.04, 7.44-11.68, and 7.49-13.10 mg/g. The increase is attributed to the exposure of latent binding sites after the pretreatment. Pretreatment using formaldehyde and formic acid reduces biosorption capacity at pH 4 (6.00-3.93 mg/g), the reduction of biosorption capacity in comparison with raw yeast may be attributed to the loss of intracellular uptake at low pH, or causes metalation process of amine groups which has great removal effect which increasing biosorption capacity at pH 5, 6 (7.44-11.265, 7.497-12.825 mg/g). In the form of immobilized yeast the results are (6.00-10.83, 7.44-11.53, and 7.49-11.63 mg/g). The higher metal uptake values may be explained by the increase in the availability of binding sites and thereby the improvement in the access of metal ions to the metal binding sites of yeast cells. The effect of caustic and heat pretreatment on lead biosorption capacity of yeast cells was determined. The highest metal uptake was obtained with these methods of pretreatment explained by the removal of protein groups of the cell wall that makes non-adsorbable protein complexes with lead ions [37] . On the other hand, when heavy metals become tightly bound to acid groups in the side chains of amino acids on the cell surface, salt linkages are broken and the proteins are dissolved from the cell wall. When protein is dissolved from the cell wall of the yeast cells, the protein molecules in the liquid phase compete for lead ions with the protein molecules on the cell wall forming non-adsorbable Pb ?2 -protein complexes [37, 38] . By fixing the soluble protein in the cell wall by some denaturation processes such as heat and caustic treatments, the removal capacity may be improved. Removal of surface impurities, rupture of cell membrane, and exposure of available binding sites for metal biosorption after pretreatment may be the reason for the increase in metal biosorption. The residual alkalinity in biomass may result in increased hydrolysis of certain metals and thereby enhance overall metal removal by the biomass. Besides, the pretreatment could release polymers such as polysaccharides that have a high affinity towards certain metal ions. Therefore, if Pb, Cd, Cr, Cu, Co, and Zn are to be removed from aqueous solutions, the use of certain pretreatment such as alkaline chemical pretreatment may have advantages in improving removal efficiency. These results are in agreement with those of several researchers [34] . Goksungur et al. [39] stated that caustic treated yeast improved biosorption capacity of copper. Yin et al. [40] studied biosorption of copper using calcium-treated fungal biomass and found that pretreatment of the biomass with calcium solution and heat improved the stability and settling property and increased heavy metal uptake capacities. Therefore, in the present work, the amount of metal ions biosorbed by raw or pretreated yeast varied with metals and this may be related to the ionic radii of metal; the greater the covalent index value of metal ion, the greater the potential to form covalent bonds with biological ligands [41] . Other metals can be discussed in similar way. Figure 10 shows the effect of pretreated method on uptake of other five metals.
Conclusion
The uptake capacity of lead, cadmium, chrome, copper, cobalt, and zinc increases with increasing of initial metal concentration and decreases with increasing of biosorbent weight. The uptake capacity increases with increasing pH and the maximum capacity values have been observed at pH 6.0, 5.5, 2.5, 5.5, 6.0, and 5.5 for lead, cadmium, chrome, copper, cobalt, and zinc, respectively. The uptake capacities of metal ions followed the order of
The biosorption isotherm is well described by Langmuir and Freundlich equations. The sorption kinetics follows the pseudo-second order rate equation, which means that the external mass transfer and intraparticle diffusion together are involved in sorption process. Among the pretreatment methods which have been used to increase the biosorption capacity of the yeast, alkaline treatment was found to be superior to the others. Desorption studies conducted showed that the metal ions sorbed onto the yeast could be desorbed effectively using 0.05 N nitric acid and the spent yeast could be regenerated with 0.2 N sodium hydroxide solution. It could be reused several times indicating the high integrity and mechanical strength of the beads. Carboxyl, amine, and phosphate groups play an important role in biosorption of metal ions.
